REMARKS 



The amendments made herein are believed to place the claims in condition for 
allowance, and do not require additional search and consideration of the claims. 
Therefore, it is requested that, despite the fact that the Office Action mailed October 19, 
2010 has been made final, the Examiner enter and consider the amendment/arguments 
herein. 

The claims 

Claim 1 1 has been amended to address concerns of the Examiner and to clarify 
the claim. Support for "pharmaceutically acceptable" salt is found throughout the 
specification, e.g. on page 23, lines 10-22. Claims 1,7-10 and 12-17 are withdrawn from 
consideration. Claim 4, which was improperly withdrawn from consideration, has been 
reinstated, per the discussion on page 2 of the October 19, 2010 Office Action, and 
designated as an "original" claim. New claims 18 and 19 are supported throughout the 
specification, e.g. at page 25, lines 6-7. Claims 2-6, 11,18 and 19 are under examination. 

Written description rejection of claims 2-6 and 1 1 

Applicants disagree with the Examiner's allegation that the claims directed to "a 
salt [of clavulanic acid] or an active ester form thereof that are hydrolyzed in vivo to 
clavulanic acid", in an amount effective to achieve the recited functions, lack adequate 
written description, for reasons of record. Nevertheless, in an effort to expedite 
prosecution, claim 1 1 is amended to delete the recitation of "activated ester forms [of 
clavulanic acid] that are hydrolyzed in vivo to clavulanic acid." Claim 1 1 now recites 
"clavulanic acid or a pharmaceutically acceptable salt thereof." It is noted that salts of 
clavulanic acid need not be hydrolyzed to clavulanic acid. Therefore, a skilled worker, 
upon reading the description of the specification of adequate dosages of clavulanic acid, 
would have in his or her possession a description of the dosages of salts of clavulanic 
acid. Support for suitable amounts of clavulanic acid is found throughout the 
specification, e.g., on page 5, lines 4-5, page 7, lines 24-25, page 24, lines 25-27, and 
pages 30-33, 35, 37, 40, 42 and 44, as outlined in the Reply filed on August 10, 2010. 



5 



Furthermore, the application discloses administering a potassium salt of clavulanic acid 
during in vivo testing. See, e.g., page 32, lines 17-18. 
It is requested that the rejection be withdrawn. 

Obviousness rejection 

The Examiner has rejected claims 2-6 and 1 1 as allegedly being obvious in view 
of Tew et al. (WO 97/10247) ("Tew et al. "), in view of several secondary references. 

The Examiner alleges that Tew et al. discloses compounds, which are ester 
derivatives (forms) [emphasis added] of clavulanic acid, that "function as inhibitors of 
lipoprotein associated phospholipase A 2 (Lp-PLA 2 ) and are, therefore, useful in a method 
for treating a disease state associated with the activity of the enzyme Lp-PLA 2 ", and that 
among such disease states is Alzheimer's disease. 

Applicants contend that the claims which were pending when the August 10, 2010 
Response was filed were not rendered obvious by the cited references, for reasons of 
record. Nevertheless, in an effort to expedite prosecution, claim 1 1 has been amended to 
remove the recitation of "activated ester forms [of clavulanic acid] that are hydrolyzed in 
vivo to clavulanic acid." The amended claim is directed to, inter alia, the use of 
clavulanic acid or a pharmaceutically acceptable salt thereof to treat a cognitive disorder 
(such as, e.g., Alzheimer's disease) in a patient in need of said treatment. 

Tew et al. does not teach using clavulanic acid or a pharmaceutically acceptable 
salt thereof to treat a patient in need of treatment for a cognitive disorder, as required by 
the amended claims. In fact, Tew et al. does not even mention or suggest clavulanic acid 
and pharmaceutically acceptable salts thereof, and therefore does not suggest using 
clavulanic acid or its pharmaceutically acceptable salts to treat a patient in need of 
treatment for a cognitive disorder, such as Alzheimer's disease. The reference relates only 
to derivatives of clavulanic acid (in particular certain defined amide and esters of 
clavulanic acid) that can inhibit lipoprotein associated phospholipase A2 (LP-PLA 2 ). 

According to Tew et al., LP-PLA 2 is an enzyme that converts phosphatidylcholine 
to lysophosphatidylcholine, which is a substrate that contributes to the accumulation of 
cholesterol and the development of atherosclerosis. Based on this relationship between 
LP-PLA 2 and atherosclerosis, Tew et al. suggests using derivatives of clavulanic acid to 
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treat atherosclerosis. However, as was noted in the Reponse filed on August 10, 2010, 
Tew et al. does not disclose any relationship between LP-PLA2 and Alzheimer's disease. 
Tew et al. does not identify any scientific data linking LP-PLA 2 with Alzheimer's disease, 
and it does not provide any experimental data supporting such a proposition. At best, Tew 
et al. discloses the mere germ of an idea that derivatives of clavulanic acid may be used 
in treating Alzheimer's disease. {See, for example, [page 4, lines 8-14], "In addition, 
compounds of formula (I) may have a general application in any disorder that involves 
lipid peroxidation in conjunction with enzyme activity, for example in addition to 
conditions such as atherosclerosis and diabetes, other conditions such as rheumatoid 
arthritis, stroke, inflammatory conditions of the brain such as Alzheimer's Disease, 
myocardial infarction, reperfusion injury, sepsis, and acute and chronic inflammation. 
Further such conditions include various neuropsychiatric disorders such as schizophrenia. 
Further applications include any disorder that involves activated monocytes, 
macrophages or lymphocytes, as all of these cell types express Lp-PLA 2 . Examples of 
such disorders include psoriasis.") Without a firm understanding of the role that Lp-PLA 2 
might play in mechanisms of cognitive disorders such as dementia, which are complex, 
poorly understood conditions, a skilled worker could not have predicted with any degree 
of confidence that any inhibitor of Lp-PLA 2 , let alone clavulanic acid, could be used to 
treat such conditions. 

A review of the scientific literature indicates that no connection between Lp-PLA 2 
and dementia, including Alzheimer's disease, had been demonstrated until long after the 
effective filing date of the present application (August 16, 1999) or the date of 
publication of Tew et al. (March 20, 1 997). Clearly, although Tew et al. may have 
postulated theoretically that derivatives of clavulanic acid might be used to treat 
Alzheimer's disease, there was no sound scientific basis for such a hypothesis, or 
evidence that this was the case. 

Several representative publications supporting this conclusion are discussed 
below and are attached for the convenience of the Examiner: 

1 . van Oijen et al. (2006) Annals of Neurology 59, 139-144 states in its Abstract 
that "this is the first study (emphasis added) to our knowledge that shows LP-PLA 2 is 
associated with the risk of dementia independent of cardiovascular and inflammatory 
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factors and provides evidence for a potential role of LP-PLA 2 in identifying subjects at 
risk of dementia." This paper was published in 2006, seven years after the effective filing 
date of the present application and nine years after the publication of Tew et al. To 
explain the basis of their hypothesis of a connection between LP-PLA2 expression and 
the risk of dementia, the authors of van Oijen et al. refer to their own findings in 2005 
that higher levels of LP-PLA 2 were associated with coronary heart disease and with 
stroke, and to other papers published after the filing date of the present application which 
suggested that inflammatory markers, cardiovascular risk factors and cerebrovascular 
disease had been suggested to play a role in dementia. These papers were all published 
well after Tew et al. was published. Furthermore, the authors caution on page 143, 
column 1, first full paragraph, that the signficance of the correlation they observed was 
uncertain: "Note that there was not a compelling gradient of risk of dementia for levels of 
LP-PLA 2 ." They also point out on page 143, column 2, second paragraph that one of their 
rationales for looking for this connection (and the rationale set forth in Tew et al) - the 
accumulation of cholesterol because of the action of LP-PLA 2 - may not even be an 
important factor in dementia: "The role of cholesterol in dementia is actually far less 
clear than its role in cardiovascular disease. Moreover, in our data, cholesterol was not 
associated with the risk of dementia." 

2. Chalbot et al. (2009) Clin. Chem 55, 2171-2179 reports that "In this study, we 
have shown for the first time (emphasis added) a significant increase of sPLA2 [a form of 
phospholipase 2] activity in AD [Alzheimer's disease] compared with age-matched 
controls" (page 7, last sentence). This paper was published in 2009. Not only was this 
study published long after the effective filing date of the present application, but the form 
of phospholipase A2 was quite different from that discussed in Tew et al. The 
phospholipase A2 of Chalbot et al. is a secreted (extracellular) form of of the protein, 
referred to as sPLA2, which was found in cerebral spinal fluid (CSF), and which is Ca +2 - 
dependent. This differs from the LP-PLA 2 (also known as platelet-activating factor 
acetylhydrolase (PAF-AH)) discussed in Tew et al, at least because LP-PLA 2 is Ca +2 - 
independent, and because LP-PLA 2 is considerably larger (about 26-45 kDa) than the 
secreted sPLA2 form (about 14-19 kDa).These comparisons are summarized in the first 
paragraph on page 2 of the publication. Furthermore, the authors of Chalbot et al. caution 
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that, even as late as 2009, "despite several studies, the functions of brain PLA2s are either 
unknown, diverse or controversial" (page 2, end of second full paragraph). 

3. Koshy et al. (2010) Journal of Alzheimer's Disease 21, 775-780 report that, in 
spite of suggestions that high Lp-PLA 2 activity is a risk factor for dementia, members of 
a Japanese population that carry a loss of function polymorphism in the Lp-PLA2 gene, 
and thus exhibit low levels of activity of Lp-PLA 2 , do not exhibit a reduced risk of AD. 
This finding was published as recently as 2010. 

These publications show that any correlation between Lp-PLA 2 activity and 
cognitive disorders, including dementia, such as in Alzheimer's disease, was not 
demonstrated until many years after the hypothetical statement of such a correlation had 
been made by Tew et al; and that even the authors of papers which reported such a 
correlation cautioned that the relevance, if any, of the correlation was not well understood. 

Even if a correlation had been demonstated between levels of Lp-PLA 2 activity 
and dementia, such as in Alzheimer's disease, at the time of filing of the application or at 
the time of publication of Tew et al, which is not admitted, there certainly was no 
evidence to indicate whether such an increase in Lp-PLA 2 activity was the cause of, or a 
consequence of, neurodegenerative processes, or whether activities of Lp-PLA 2 were 
primary or secondary. Therefore, a skilled worker could not have extrapolated from such 
a correlation that an inhibitor of Lp-PLA 2 activity would have had an effect on dementia 
{e.g. in Alzheimer's disease). There certainly was no evidence at that time that inhibitng 
Lp-PLA 2 activity would have any effect on dementia. 

In fact, as was stated as late as April, 2008 in a review of Lp-PLA 2 and cancer, by 
the well-respected academic physician, Dr. Mark Levin, published as 
http://cancertreatments.typepad.com/cancer_treatment/2008/04/lipoprotein-ass.html, a 
copy of which is attached to this Reply for the convenience of the Examiner, "The 
connection to cardiovascular disease and Alzheimer's remains unproven; neither are the 
effects of interventions to reduce the level of this marker known. Empire considers this 
test to be not medically necessary." 

The secondary references cited by the Examiner do not remedy the defects of Tew 

et al. 
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Accordingly, for at least the above reasons, Tew et al, by itself or in combination 
with the cited secondary references, does not render amended claims 2-6 and 1 1 obvious. 
Withdrawal of the rejection is requested. 



In view of the preceding amendments and arguments, it is believed that the 
application is in condition for allowance, which action is respectfully requested. 



Should any additional fee be deemed due, please charge such fee to our Deposit 
Account No. 22-026 1 , referencing docket number 4 1 890-290023 and advise us 
accordingly. 

Respectfully submitted, 

Date: February 22, 2011 IV/GuaU^ f^TC-fAt/A 

Nancy J. Axelrod, Ph.D. 
Registration No. 44,014 
Venable LLP 
575 7 th Street, NW 
Washington, D.C. 20004-1601 
Direct telephone: (202) 344-8334 
Telefax: (202)344-8300 
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Cerebrospinal Fluid Secretory Ca 2+ -Dependent Phospholipase A 2 
Activity Is Increased in Alzheimer Disease 

Sonia Chalbot^ , Henrik Zetterberg^, Kaj Blennow^, Tormod Fladby^, Inge Grundke- 
Iqbal 1 , and Khalid Iqbal 1 * 

1 New York State Institute for Basic Research in Developmental Disabilities, Staten Island, New 
York 

2 Clinical Neurochemistry Laboratory, Sahlgrenska University Hospital, Molndal, Sweden 

3 Department of Neurology, Akershus University Hospital, Lorenskog, Norway 

4 Department of Neurology, Faculty Division Akershus University Hospital, University of Oslo, 
Oslo, Norway. 

Abstract 

BACKGROUND: The phospholipase A 2 (PLA2) family comprises multiple isoenzymes that vary 
in their physicochemical properties, cellular localizations, calcium sensitivities, and substrate 
specificities. Despite these differences, PLA2s share the ability to catalyze the synthesis of the 
precursors of the proinflammatory mediators. To investigate the potential of PLA2 as abiomarker 
in screening ncuroinflammatory disorders in both clinical and research settings, we developed a 
PLA2 assay and determined the predominant types of PLA2 activity in cerebrospinal fluid (CSF). 

METHODS: We used liposomes composed of a fluorescent probe (bis-Bodipy® FL CI 1-PC [1,2- 
bis-(4,4-difluoro-5,7-dimethyl-4-bora-3a,4a-diaza-j-indacene-3-undecanoyl)-«7-glycero-3- 
phosphocholinc | ) and 1,2-dioleoyl-L-a-phosphatidylcholine as a substrate to measure CSF PLA2 
activity in a 96-well microtiter plate format. We established the type of CSF PLA2 activity using 
type-specific inhibitors of PLA2. 

RESULTS: Using 5 juL CSF per assay, our PLA2 activity assay was reproducible with CVs 
<15% in 2 CSF samples and for recombinant secretory Ca 2+ -dependent PLA2 (sPLA2) in 
concentrations ranging from 0.25 to 1 ,wmol/L. This PLA2 assay allowed identification of sPLA2 
activity in lumbar CSF from healthy individuals 20-77 years old that did not depend on either sex 
or age. Additionally, CSF sPLA2 activity was found to be increased {P = 0.0008) in patients with 
Alzheimer disease. 

CONCLUSIONS: Adult human CSF has sPLA2 activity that can be measured reliably with the 
assay described. This enzyme activity in the CSF is independent of both sex and age and might 
serve as a valuable biomarker of neuroinflammation, as we demonstrated in Alzheimer d isease. 

Nearly 22 different phospholipase A 2 (PLA2, 5 EC 3.1.1.4) enzymes have been identified 
and broadly classified into several families based on their structure, cellular localization, 
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substrate specificity, and calcium requirement for catalytic activity: (1) the secretory 
(extracellular) Ca 2+ -dependent PLA2 (sPLA2) family of 10 isoenzymes with low molecular 
weight (14-19 kDa) that requires mmol/L calcium concentrations for catalytic activity; (2) 
the cytosolic Ca 2+ -dependent PLA2 (cPLA2) family of 3 isoenzymes with high molecular 
weight (61-1 14 kDa) that requires /imoVL calcium concentrations for binding to lipid 
substrates; (3) the intracellular Ca 2_ -independent PLA2 (iPLA2) family of 2 isoenzymes 
with high molecular weight (84-88 kDa); (4) the platelet-activating factor acetylhydrolase 
(PAF-AH) family of 4 isoenzymes with low molecular weight (26-45 kDa) that are calcium 
independent; and (5) the lysosomal PLA2 family of a 45-kDa isoform that does not require 
calcium for catalytic activity (1). 

Despite their differences, PLA2s share the ability to catalyze the hydrolysis of the sn-2 ester 
bonds of glycerophospholipids, resulting in the production of free fatty acids (e.g., 
arachidonic acid and docosahexaenoic acid) and lysophospholipids. These metabolites have 
a variety of physiologic effects, e.g., regulation of gene expression and maintenance of 
neural membrane integrity, and serve as precursors for the synthesis of proinflammatory 
mediators such as eicosanoids (prostaglandins and leukotrienes) and platelet-activating 
factor (2). Although these PLA2-derived metabolites, at low concentrations, contribute to 
normal functions, their excessive production and accumulation can lead to pathological 
processes. 

Second to adipose tissue, the brain has the highest lipid concentration. Dysregulation of lipid 
metabolism that results in an upregulation of PLA2 is of particular interest in the context of 
the central nervous system and has already been considered in a number of neurological, 
neurodegenerative, and psychiatric disorders including epilepsy, ischemia, Alzheimer 
disease (AD), Parkinson disease, schizophrenia, and mood disorder (2,3). But, despite 
several studies, the functions of brain PLA2s are either unknown, diverse, or controversial. 

The availability of a simple, reproducible, and sensitive assay is needed to facilitate studies 
regarding the role of PLA2 isoenzymes in regulating physiological and pathological 
functions in the central nervous system. We report here the development and validation of 
such an assay for measurement of PLA2 activity in cerebrospinal fluid (CSF). 

Materials and Methods 

CHEMICALS 

Recombinant mouse group X secretory PLA2 (4,5) was a kind gift from Tauseef R. Butt 
(LifeSensors Inc.). Bis-Bodipy® FL Cn-PC [l,2-bis-(4,4-difluoro-5,7-dimethyl-4-bora-3a, 
4a-diaza-j , -indacene-3-undecanoyl)-^H-glycero-3-phosphocholine] was purchased from 
Invitrogen; AACOCF3 (arachidonyl trifluoromethyl ketone), BEL (bromoenol lactone), and 
thioetheramide-PC ( 1 -palmitylthio-2-palmitoylamido- 1 ,2-dideoxy-s«-glycero-3- 
phosphorylcholine) were from Cayman Chemical.; PG (L-a-phosphatidylglycerol), DOPC 
(l,2-dioleoyl-s«-glycero-3-phosphocholine), and other chemical products were from Sigma 
Aldrich. 



^Nonstandard abbreviations: PLA2, phospholipase A2; sPLA2, secretory Ca 2+ -dependent PLA2; cPLA2, cytosolic Ca 2+ -dependent 
PLA2; iPLA2, intracellular Ca 2+ -independent PLA2; PAF-AH, platelet-activating factor acetylhydrolase; AD, Alzheimer disease; 
CSF, cerebrospinal fluid; bis-Bodipy FL Cn-PC, l,2-bis-(4,4-difluoro-5.7-dimethyl-4-bora-3a.4a-diaza-4'-indacene-3-undecanoyl)-xn- 
glycero-3-phosphocholine; AACOCF3. arachidonx I in lluoromethyl ketone; BEL. bromoenol lactone; thioetheramide-PC, 1- 
palmitylthio-2-p ilmiioylanudo 1 .2-dideo\> /-glvceroo-phosphorylcholine: PG. L-«-phosphatid\ IgK cerol: DOPC. 1.2-dioleoyl-sn- 
glycero-3-phospliocholine: NINCDS-ADRDA. National Institute of Neurological and ( ommimicalive Disorders and Stroke 
Alzheimer's Disease and Related 1 lisorders Association; MMSE, Mini-Mental State Examination: FL fluorescence intensity; NBD 
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TNF-cc, tumor necrosis factor-c; AA. arachidonic acid: PGE2. prostaglandin E?. 
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STUDY PARTICIPANTS AND CSF SAMPLING 

We generated the study population from retrospectively collected lumbar CSFs available for 
research purposes. The study was approved by the ethics committees of Eastern Norway and 
the University of Gothenburg and by the Institutional Review Board of the New York State 
Institute for Basic Research in Developmental Disabilities. Informed consent was obtained 
from all participants in accordance with the provisions of the Helsinki Declaration. Forty- 
two healthy individuals, without any cognitive disturbance, were actively recruited and 
selected to participate in this study, plus an additional group of 33 AD patients diagnosed 
with probable AD according to criteria established by the work group of the National 
Institute of Neurological and Communicative Disorders and Stroke/Alzheimer's Disease and 
Related Disorders Association (NINCDS-ADRDA) (6). Mini-Mental State Examination 
(MMSE) scores were documented for most AD patients and for some controls (7). We 
determined the apolipoprotein E isoform by isoelectric focusing/immunoblotting using 
serum samples (8). The clinical features of the participants in this study are summarized in 
Tables 1 and 2. Venipuncture was performed to obtain serum, and CSF was obtained by 
lumbar puncture from the L3/L4 or L4/L5 intervertebral space; the first 12 mL CSF was 
collected, centrifuged at 2000g for 10 min at -4 °C, and aliquoted in 1-mL polypropylene 
tubes. All samples were sent in dry ice from Sahlgrenska University Hospital to New York 
State Institute for Basic Research and kept at -80 °C until used. 

CONTINUOUS FLUORESCENT ASSAY FOR PLA2 

We prepared fluorescence-labeled liposomes similarly to a described method (9). To 
optimize the conditions for the measurement of PLA2 activity in CSF, we adjusted 
parameters such as concentration and composition of phospholipids. Briefly, 388 fig DOPC 
and 97 nmol bis-Bodipy FL Ci i-PC were mixed in 970 yiL chloroform. After drying under 
vacuum, we added 970 /uL sucrose/Tris buffer (50 mmol/L Tris-HCl, pH 7.4, 250 mmol/L 
sucrose, 0.02% sodium azide), followed by thorough and repeated mixing with a Vortex-mix 
over 5 min at room temperature. The suspension was then ultrasonicated for 10 min on ice 
using an ultrasonic cell disrupter (Branson Digital Sonifier) at 50 W sonic energy. The 
liposomes were stored at -20 °C until used. Liposomes containing other proportions and/or 
types of phospholipids were prepared by comparable procedures. 

Wc carried out PLA2 activity assays in triplicate using a continuous fluorescent 
measurement. In a 96-well microplate, we diluted 5 /(L lumbar CSF (or 10 ^mol/L 
recombinant sPLA2 or 5 /;L of appropriately diluted serum) in 90 /(L PLA2 assay buffer (10 
mmol/L Tris-HCl, pH 7.4, 100 mmol/L KC1, 5 mmol/L CaCl 2 , 1 mmol/L dithiothreitol). We 
added 5 /iL bis-Bodipy FL Ci ! -PC-labeled 100% DOPC liposomes to each well and 
immediately placed the microplate in a temperature controlled (30 °C) cytofluor multiwell 
plate reader series 4000 (PerSeptive Biosystems). The fluorescence intensity was recorded 
over 90 min (91 cycles of 60 s each) at 485 nm excitation and 530 nm emission. Finally, we 
evaluated PLA2 activity using linear curve fitting with Graph Prism 3.0 (GraphPad). 

METHOD VALIDATION 

We assessed the linearity of the assay by measuring in triplicate the PLA2 activity at 5 
different concentrations of recombinant sPLA2 (0-2 ^mol/L) as well as 5 different CSF 
volumes (0-10 //L). We estimated the precision by measuring repeatability and intermediate 
precision. We assessed both measurements with 3 different concentrations of recombinant 
sPLA2 (0.25, 0.5, and 1 /imoVL) as well as with 3 different CSF volumes (2.5, 5, and 7.5 
/AS). We calculatedc repeatability by measuring PLA2 activity in sextuplicate. To evaluate 
intermediate precision, we analyzed each sample 3 times a day on 3 consecutive days. 



Clin Chem. Author manuscript; available in PMC 2010 April 21. 



Chalbot et al. 



PLA2 INHIBITION 



We prepared stock solutions and serial dilutions of PLA2 inhibitors (AACOCF3, BEL, and 
thioetheramide-PC) in PLA2 assay buffer supplemented by 4.25 mmol/L Triton X-100. 
Each assay was carried out in the absence or presence of 5 ftL of the appropriate inhibitor. 

STATISTICAL ANALYSES 

We performed statistical analyses with Statgraphics Centurion XV (StatPoint) and Graph 
Prism 3.0 (GraphPad). We considered variable distributions nonnormal when values of 
skewness and kurtosis were outside the range -2 to +2. Non-normally distributed variables 
were analyzed by nonparametric tests or were log-transformed before parametric tests. We 
compared frequency distributions using the Fisher test. We assessed differences between 2 
means using unpaired, 2-tailed Student /-test or Mann-Whitney test. Pearson correlation 
coefficients were calculated for statistical analysis of correlation. The level of significance 
was defined as P < 0.05. Results are expressed as mean (SD). 

Results 

DEVELOPMENT AND VALIDATION OF THE PLA2 ACTIVITY ASSAY 

To measure PLA2 activity in human CSF, we developed a continuous fluorescence assay 
using an already well-known PLA2 specific substrate, self-quenched fluorescent bis-Bodipy 
FL Cji-PC (9). This substrate (because of its 2 Bodipy fluorophores added to the sn-l and 
sn-2 acyl chains of phosphatidylcholine), once incorporated into artificial cell membranes 
such as liposomes, exhibits attenuated fluorescence due to energy transfer between the 2 
Bodipy fluorophores. On cleavage by PLA2, the Bodipy from the sn-2 acyl chain is released 
and an increase in fluorescence results from the separation of the 2 Bodipy moieties. 
Because PLA2 activity has been reported to depend on phospholipid concentration and 
composition from liposomes (9), we assessed the effect of these 2 parameters on CSF as 
well as on recombinant sPLA2 activities to optimize the conditions for measurement. We 
observed a maximum activity of the enzymatic reaction, for CSF as well as recombinant 
sPLA2, when using liposomes made from 20 //g/mL 100% DOPC and labeled with 5 ftmoV 
L bis-Bodipy FL Cn-PC (Fig. 1). These conditions allowed us to record a time-dependent 
increase in fluorescence intensity (FI) from lumbar CSF (Fig. 2A), whereas bis-Bodipy FL 
Cn-PC-labeled 100% DOPC liposomes alone did not show such increases. Because no 
artifactual change in FI was associated with the substrate, the observed changes in FI during 
the reaction can be associated with artifactual hydrolysis of bis-Bodipy FL Cn-PC by CSF 
PLA2, which produces fluorescence-labeled free fatty acid and lysophosphatidylcholine. 
Similar results were obtained with recombinant sPLA2 (data not shown). 

In line with the recommendations of the International Conference on Harmonisation 
guideline on validation of analytical procedures (10), we validated this new continuous 
fluorescence assay using both recombinant sPLA2 (Fig. 2B) and lumbar CSF (Fig. 2C and 
D). The assay imprecision was <15% of CV, which meets the recommended guidelines (1 1). 
The CV range for imprecision was 2.0%— 14.8% for recombinant sPLA2 in concentrations 
0.25-1 //mol/L and 1.8%— 13.4% for 2 different CSF samples with sizes ranging from 2.5 to 
7.5 ftL per assay. Moreover, the initial rate of reaction depended on recombinant sPLA2 
concentration (Fig. 2B) and CSF volume (Fig. 2C and D), giving a recombinant sPLA2 
signal-to-concentration linearity over the range 0.25-1.5 /.imoVL (r 2 = 0.999, P < 0.001) and 
a linear signal-to-CSF volume relationship over the range 2.5-10 juL for the CSF1 (r 2 = 
0.997, P = 0.001) as well as for the CSF2 (r 2 = 0.992, P = 0.004) tested. 
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CHARACTERIZATION OF THE CSF PLA2 ACTIVITY 

Although 22 different PLA2 enzymes classified in 5 families (sPLA2, cPLA2, iPLA2, PAF- 
AH, and lysosomal PLA2) have been identified (1), no specific tool allowing the specific 
characterization of each of these isoenzyme is available to date. Thus, with regard to a new 
PLA2 activity identification, the current approach is to determine the family instead of the 
concerned specific isoenzyme. For this purpose, a battery of inhibitors more or less specific 
to each PLA2 family is generally used to discriminate 1 family from another. Thus, to 
identify the type of PLA2 activity in the CSF measured using our assay, we performed 
incubation of 5 /;L lumbar CSF in the presence of 3 different PLA2 inhibitors (AACOCF3, 
BEL, and thioetheramide-PC) that are known to exhibit different relative potencies for the 3 
major families of the enzyme (sPLA2, cPLA2, and iPLA2). Indeed, whereas AACOCF3 is a 
selective inhibitor of both cPLA2 and iPLA2 (12,13), BEL inhibits specifically isoenzymes 
from the iPLA2 family (12), and thioetheramide-PC functions as a competitive inhibitor 
toward sPLA2 (14). The pharmacological profile of the PLA2 activity in lumbar CSF was 
found to be most consistent with the sPLA2 subtype (Fig. 3). Indeed, wheres the sPLA2- 
specific inhibitor thioetheramide-PC dose-dependently inhibited the PLA2 activity from 
lumbar CSF as well as from the recombinant sPLA2 (Fig. 3C), the 2 other inhibitors failed 
to do so (Fig. 3A and B). 

Although calcium is known to be an absolute requirement for the activity of both sPLA2 and 
cPLA2, its role in the 2 activations is different. Calcium resides at the catalytic center of 
sPLA2 and is directly involved in substrate-enzyme interaction (15), whereas it is not 
required for cPLA2 catalytic activity but rather involved in the translocation of cPLA2 from 
cytosol to the membrane where the substrates are located (16). Thus, to further characterize 
the CSF PLA2 and to confirm its type, we assessed PLA2 activity in the presence of various 
concentrations of calcium. With increase in the concentration of calcium, we observed an 
increase of PLA2 activity in lumbar CSF as well as recombinant sPLA2 (Fig. 3D). Thus, the 
PLA2 activity measured in human CSF appears to be mainly sPLA2 activity. The PLA2 
activity observed in CSF was unlikely to be due to either PAF-AH or lysosomal PLA2, since 
both of them are calcium-independent (17,18). 

MEASUREMENT OF sPLA2 ACTIVITY IN NORMAL CSF 

To determine whether CSF sPLA2 activity depends on age or sex, we assessed its normal 
physiologic levels from 32 healthy volunteers (16 women and 16 men; age 52.3 (15.2) 
years; MMSE score 29.5 (0.5); sPLA2 activity 3.8 (1.0) AFI/min). As shown in Fig. 4A, 
sPLA2 activity in CSF does not seem to correlate with age. Moreover, no significant 
difference in sPLA2 activity was noted between men and women (Fig. 4B). 

CSF SPLA2 ACTIVITY VS SERUM sPLA2 ACTIVITY 

To better understand the origin of the sPLA2 activity measured in lumbar CSF, we 
simultaneously assessed sPLA2 activity in 10 undiluted lumbar CSFs as well as diluted sera 
from the same cases (Table 1). We found that the sPLA2 activity relative to protein 
concentration was 2.5-fold higher in serum than in lumbar CSF which, based on the basic 
feature of both brain- and blood-derived proteins (19), seems to be of brain origin with a 
blood-derived fraction in it. 

CSF SPLA2 ACTIVITY IN ALZHEIMER DISEASE 

Evidence from epidemiological, clinical, and experimental studies supports the hypothesis 
that inflammatory events are part of the neuropathology of AD (20,21). Several markers of 
neuroinflammation have been measured in biological fluids, but their specificity for AD 
remains controversial (22). To assess the relevance of CSF sPLA2 activity measurement as a 



Clin Chem. Author manuscript; available in PMC 2010 April 21. 



Chalbot et al. 



neuroinflammatory biomarker for AD, we performed its measurement in CSF from 33 AD 
patients and 19 age-matched controls. As shown in Table 2, a significant increase in CSF 
sPLA2 activity was noted for AD compared with the control group. 

Discussion 

We have developed a simple continuous fluorescence assay for measuring PLA2 activity in 
CSF using a 96-well microplate format that allows for high-throughput analysis of samples. 
In addition to fluoro-metric assays, titrimetric, colorimetric, and radiometric methods can be 
used to determine PLA2 activity in biological fluids (23). With the exception of the radio- 
metric, however, these methods are not sufficiently sensitive. Although radiometric methods 
are more sensitive, they are hazardous, laborious, and impractical for assaying large 
numbers of samples. Thus, albeit with a sensitivity that is second to radiometric methods 
(23). fluorescence-based assays offer the advantage of being suitable for the analysis of a 
large number of biological fluid samples in a clinical setting. 

The performance of a fluorescence-based assay is highly dependent on the conditions and in 
particular on the type of fluorescent PLA2 substrate used. Several substrates, differentiated 
by type, number, and localization of the fluorophores, are commercially available. The 2 
more frequently used substrates areNBD C6-HPC 8 [2-(6-(7-nitrobenz-2-oxa-l,3-diazol-4- 
yl)amino)hexanoyl-l-hexadecanoyl-5J?-glycero-3-phosphocholine] and bis-Bodipy FL Cn- 
PC. The former exhibits 1 fluorophore on the sn-2 phospholipid acyl chain, whereas the 
latter exhibits an additional fluorophore on the sn-\ phospholipid acyl chain, which 
contributes to its self-quenching. When using NBD C6-HPC, an additional laborious step of 
separation of the remainder substrate from the product is required (24). In the case of bis- 
Bodipy FL Cn-PC, this step is not required (9), allowing the continuous monitoring of 
PLA2 activity. When combined, these characteristics make our approach the most attractive 
methodology currently available. 

We also show that the use of liposomes made up of 20 /^g/mL phospholipids containing 
100% DOPC and labeled with 5 //mol/L bis-Bodipy FL Cn-PC as substrate in 10 mmol/L 
Tris-HCl (pH 7.4) supplemented by 5 mmol/L CaCl2 is optimal to measure PLA2 activity in 
5 pL lumbar CSF per assay. The linear signal-to-CSF volume relationship over the range 
2.5-10 fiL CSF demonstrates the sensitivity of this approach. Another strength of our assay 
is its reliability as shown by CV <15% for repeatability and intermediate precisions (1 1). 

In the present study, for the first time, we identified the secretory Ca 2+ -dependent PLA2 
activity in lumbar CSF. The observations that 3 mmol/L thioetheramide-PC inhibited >60% 
of substrate cleavage and that the FI increase was calcium dependent suggest that the CSF 
activity is predominantly due to sPLA2 type. Additionally, negative results from the 
pharmacologic experiments using AACOCF3 and BEL, 2 inhibitors of cPLA2/iPLA2 and 
iPLA2, respectively, confirm this conclusion. Based on our data, however, we cannot 
identify which specific isoenzymes give rise to this sPLA2 activity. The identification of 
sPLA2 isoenzymes from CSF using selective antibodies should be considered. At present, 
however, the lack of availability of specific antibodies against each sPLA2 isoenzyme 
makes this identification difficult. In addition, we cannot rule out the presence of other 
PLA2 types in human CSF. To our knowledge, only 1 other study has reported on this 
subject to date (25); but the authors of that study claimed that the PLA2 activity identified in 
their study was most likely from cPLA2 and iPLA2 types. Thus, because the PLA2 type 
targeted in a specific assay in part depends on the methodology used, we can expect the 
future identification of other CSF PLA2 types as has been seen in studies of human serum 
using independent methodologies (9,24,26). 
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Phospholipase A2 enzymes are well known to play a role in neuroinflammation (2). 
Concerning the specific secretory Ca 2+ -dependent PLA2 family, a large variety of additional 
biological functions have been proposed. These include, among others, reactive oxygen 
species generation (27), apoptosis (28), and cell proliferation (29). To date, however, the in 
vivo biological functions, in physiological as well as pathological conditions, of each brain 
sPLA2 remain unknown. We believe that the development of this simple and sensitive assay 
as well as the demonstration of the secretory (extracellular) Ca 2+ -dependent PLA2 activity 
in CSF will stimulate studies that will enhance the understanding of the role of these 
isoenzymes in neurological disorders. 

The discovery of the sPLA2 activity in lumbar CSF allows us to envisage the use of our 
assay in the diagnosis of neurological disorders associated with inflammation. Such a 
consideration raises the question of whether an increase of sPLA2 activity in CSF reflects 
the cause or the outcome of a neuroinflammatory process. In other words, is the sPLA2 
activity measured in lumbar CSF of central nervous system origin or of blood origin or 
both? Because sPLA2 activity is present in both serum (9) and brain (2), both origins can be 
considered equally. The simultaneous measurement of sPLA2 activity in both CSF and 
serum from the same cases, at equal protein concentrations, revealed a CSF: serum sPLA2 
activity ratio of 1:2.5. In considering the basic features of both brain- and blood-derived 
proteins as described by Reiber (19), such a ratio is consistent with a brain origin associated 
with a blood-derived fraction of the enzyme activity. Furthermore, the fact that the CSF 
sPLA2 activity did not increase from age 20 to 77 whereas the CSF/serum albumin ratio 
does increase with age (30), also supports the main brain origin of the CSF sPLA2 activity 
we have observed. However, the discrimination between brain and blood origin is difficult 
to assess once the multiplicity of serum and brain PLA2 isoenzymes characterized by a 
sPLA2 activity is taken into consideration. 

The presence of activated glial cells and the increase in inflammation-associated proteins in 
AD brain had led to the consideration that chronic inflammation plays a role in the 
pathophysiology of AD (20,21). For these reasons, several mediators of inflammation such 
as interleukin (IL)-l/?, IL-6, and tumor necrosis factor-a (TNF-a) have been extensively 
studied in CSF of AD patients, but conflicting results have been observed (22). Indeed, 
although the majority of studies report no difference (31,32), others showed an increase 
(33,34) or even a decrease (35) in levels of these inflammatory markers in CSF of AD 
patients compared with controls. Due to this low specificity, the use of cytokines as 
biomarkers of AD is questionable. Other key molecules involved in neuroinflammation, 
such as constituents of the arachidonic acid cascade, have been investigated in the CSF. The 
downstream events of this pathway result in enzymatic oxidation by cyclooxygenase and 
lipoxygenase and in the nonenzymatic peroxidation of arachidonic acid (AA) in 
proinflammatory eicosanoids (i.e., prostaglandins, leukotrienes, and thromboxanes) and 
isoprostanes, respectively (36,37). The concentrations of eicosanoids and isoprostanes in 
CSF are of particular interest in the biomarker field, and increases in CSF prostaglandin E2 
(PGE2) and F2-isoprostane have been reported in AD patients (38,39). However, such 
analyses require highly specialized equipment and expertise, e.g., GC/MS, and, the 
measurements of CSF PGE2 and F2-isoprostane have not, to date, been widely used in 
practice. The upstream events of the arachidonic acid cascade corresponding to AA 
synthesis by PLA2 are of major interest in neuroinflammation. Whereas the quantification 
of U C-AA incorporation into human brain by positron emission tomography has provided 
promising results (40), little is known about phospholipase A2 activity in CSF. In this study, 
we have shown for the first time a significant increase of sPLA2 activity in AD compared 
with age-matched controls, which may allow consideration of such measurement as a 
neuroinflammatory biomarker. 
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In conclusion, we have developed a new continuous fluorescence method using 
commercially available reagents to measure the CSF activity of a well-known inflammatory 
key enzyme, i.e., the secretory (extracellular) Ca 2+ -dependent PLA2. We have also 
demonstrated that this microplate assay meets several of the ideal biomarker requirements 
such as reliability, reproducibility, and simplicity to perform (41). The discovery of the 
sPLA2 activity in human lumbar CSF should facilitate investigations of this enzyme activity 
in CSF from a variety of neurological diseases, especially neurodegenerative and 
neuroinflammatory disorders. The increase in the CSF level of sPLA2 activity in Alzheimer 
disease compared with age-matched healthy controls discovered in the present study is 
consistent with the involvement of n euro inflammation in this disease. 
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Fig. 1. Effect of the liposome phospholipid concentration and composition on recombinant and 
lumbar CSF PLA2 activities 

(A), Effect of increasing the liposome phospholipid concentration on the rate of the initial 
reaction of 0.5 //mol/L recombinant sPLA2 or 5 fiL CSF. The activity was determined using 
Bodipy- labeled liposomes composed of 50% DOPC and 50% PG in 10 mmol/L Tris-HCl 
(pH 7.4) supplemented by 5 mmol/L CaCL. (B), Effect of varying proportions of DOPC and 
PG on the rate of the initial reaction of 0.5 //mol/L recombinant sPLA2 and 5 fiL CSF. The 
activity was determined using Bodipy-labeled liposomes made up of 20 ,wg/mL 
phospholipids in 10 mmol/L Tris-HCl (pH 7.4) supplemented by 5 mmol/L CaCl2. Data are 
expressed as mean (SD) (n = 3). 
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Fig. 2. Linearity and precision profiles for recombinant and lumbar CSF PLA2 ai 

(A), Time dependence of the PLA2 activity in a representative experiment using different 
volumes of lumbar CSF (0-10 /.iL). Data are expressed as mean of 3 independent 
experiments. (B-D), Signal-to-concentration linearity performance and CV for repeatability 
and intermediate precision assessment for recombinant sPLA2 (B) and CSFs from 2 
different cases (C and D). Linearity data are shown as mean (SD) (n = 3), and precision are 
shown as CV resulting from 6 consecutive replicates for repeatability and from 3 
measurements on 3 consecutive days (n = 9) for intermediate precision. 
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Fig. 3. Effect of PLA2 family-specific inhibitors on recombinant and lumbar CSF PLA2 
activities 

(A-C), Effect of different concentrations of 3 PLA2 inhibitors: 0.16-5 /xmol/L AACOCF3 
(A); 0.003-2.5 ^mol/L BEL (B); 0.003-2.5 /umoVL thioetheramide-PC (C). (D), Effect of 
increasing concentration of calcium (6.4 //mol/L to 100 mmol/L). PLA2 activity is expressed 
as percentage of the activity relative to the same sample without any inhibitor or any 
calcium supplementation. Recombinant sPLA2 and lumbar CSF data are expressed as mean 
(SD) from 3 experiments and from 3 different CSFs each analyzed in triplicate, respectively. 
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Age {years} 

Fig. 4. CSF sPLA2 activity as function of age and sex 

(A), Pearson correlation between log(sPLA2 activity) and age (r = 0.214; P = 0.239; 95% CI 
-0. 145 to 0.524). (B), No significant difference between healthy women and healthy men 
for sPLA2 activity (7 df=30 = 1.312; P = 0.200). Data are shown as mean (SD). 
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CSF vs serum sPLA2 activity." 



CSF/serum sPLA2 activity ratio" 
( 'Sl : scrum protein ratio c 



Healthy individuals 
(n = 10) 

3/7 

53.0 (22.6) 

0.4 (0.1) 

0.013 (0.003) 



Whereas C 'Si's were undiluted sera uk ppi prialelx diluted similar protein cor 

Protein concentrations were measured using hicinchonmic acid protein assa> (Pierce). 



;n CSF and serum-matched samples. 
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Table 2 

Demographic and clinical features and CSF levels of sPLA2 activity of AD and age-matched controls." 





Control 


AD 


Statistic value 


P 




19 


33 






Male sex, n (%) 


12 (63) 


17(52) 


NA 


0.564 




62.6 (8.2) 


66.8 (3.6) 


z = 212.5 


0.055 


MMSE 


29.5 (0.5) 


22.7 (6.4) 


z = 58.5 


0.0008 


ApoE4 earner, n (%) 


0(0) 


19(58) 


NA 


<0.0001 


sPl..\2 acli\il>, Al'] mill 


3.8 (0.9) 


5.1(1.3) 


/ di ^50 = 3.59 


0.0008 



I)i (Terences between groups were assessed using Fisher test. Continuous variables are expressed as mean 1 M ) ). and di [Terences between groups 
were assessed using Mann-Whitney test (age, MMSE) or 2-tailed Student /-test (sPLA2 activity). NA, not applicable. 
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Abstract. I ligh plasma lipoprotein phospholipase A 3 activity (Lp-PLA2) is reported to be a risk factor for dementia. A loss of 
function polymorphism in the I4J-PLA2 gene - PLA2G7 V279F - is found almost exelusi\ civ in Asians. In 1 .'152 subjects with 
late-onset AD and 2,079 non-demented controls recruited from Japan, the PLA2G7 null allele was not associated with risk or 
age at onset of AD: logistic regression OR 0.98 (95% CI 0.86-1.12, p = 0.81) per additional null allele, adjusted for age/age at 
onset, gender, and APOE s4. Genetic deficiency of L41-PLA2 activity is not associated with a reduced risk of AD in the Japanese 

Keywords: Alzheimer's disease, apolipoprotein E, genetic association study, lipoprotein-associated phospholipase A2, Mendelian 
randomization 



INTRODUCTION 

Cardiovascular risk factors such as hypertension, hy- 
perlipidemia, and diabetes are implicated as risk fac- 
tors for Alzheimer's disease (AD) [1]. Lipoprotein- 
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associated phospholipase A 2 (Lp-PLA 2 ) is an enzyme 
produced by inflammatory cells which is believed to 
contribute to athero genesis in humans [2]. Numerous 
epidemiologic studies suggest that high levels of cir- 
culating Lp-PLA 2 are associated with cardiovascular 
events and stroke [3-5]. In the Rotterdam case-cohort 
study, high Lp-PLA 2 activity was also independently 
associated with the risk of developing dementia (HR 
= 1.56 for highest quartile relative to lowest; 95% CI 
1 .03-2.37); the effect was greater for vascular dementia 
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(HR = 2.19; CI 0.80-6.03) than for AD (HR = 1.30; 
CI 0.82-2.04) [6]. 

A genetic polymorphism in the Lp-PLA 2 gene 
(PLA2G7), 994G>T (V279F), termed the Asian null 
mutation, is found almost exclusively in Asians and 
is associated with absence of plasma enzyme activi- 
ty [7-9]. Heterozygous carriers of the null mutation 
have 50% of the normal enzyme activity in plasma; 
null homozygotes have no enzyme activity in plas- 
ma [10]. In Japan, the frequency of heterozygous car- 
riers (GT genotype) is ~25%, and of null homozygotes 
(TT genotype) is ~2-3%, corresponding to a minor al- 
lele frequency of ~ 15% [1 1]. The presence in Japanese 
individuals of this relatively common polymorphism 
strongly correlated to Lp-PLAo activity allowed us to 
perform a Mendelian randomization experiment, us- 
ing the PLA2G7 null polymorphism as an instrument 
to test whether lifelong genetic deficiency of Lp-PLA 2 
activity protects against AD. 



METHODS 

Study population 

The subjects in this study are from the Japanese Ge- 
netic Study Consortium for AD (JGSCAD) [12-15]. 
AD patients (n = 1,952) were recruited from neurol- 
ogy clinics throughout Japan and satisfied NINCDS- 
ADRDA criteria for probable AD after clinical, cog- 
nitive, and imaging evaluation (MRI, FDG-PET) [16]. 
Vascular dementia, frontotemporal dementia, and oth- 
er neurological degenerative disorders were excluded. 
Age at onset was based on the first symptoms of cog- 
nitive impairment reported by the patient's spouse or 
caregiver. Control subjects (n = 2,079) were recruited 
from the local community, had no signs of dementia, 
and lived in an unassisted manner. The Mini-Mental 
State Examination (MMSE), Clinical Dementia Rat- 
ing (CDR), and Functional Assessment Staging (FAS) 
were used to assess presence and severity of cognitive 
impairment in cases and controls [17-19]. 

The JGSCAD was approved by the Institutional Re- 
view Board (IRB) of the University of Niigata and by all 
participating institutes. Informed consent was obtained 
from all controls and appropriate proxies for patients. 
The PLA2G7 study was approved by the University of 
Niigata IRB. All samples were anonymously analyzed 
for genotyping. 



Genotyping 

Genomic DNA preparation and genotyping were 
described previously [12]. The PLA2G7 V279F 
(RSI 6874954) variant and three other missense poly- 
morphisms-R92H(RS1805017),I198T(RS1805018), 
and A3 79V (RS 1 05 1 93 1 ) - which may have an impact 
on Lp-PLA 2 activity were genotyped by Taqman [20]. 

Statistical analysis 

The SNP and Variation SuiteTM V7.2. 1 (Golden He- 
lix) Fisher's Exact Test was used to assess Hardy Wein- 
berg Equilibrium (HWE). Logistic regression using an 
additive genetic model estimated the effect of each 
PLA2G7 variant on case-control status, adjusted for age 
(age of controls, age at onset for cases), gender, and 
number of APOEe4 alleles (0, 1,2). Cox Proportional 
Hazards regression assessed the effect of each variant 
on age at onset, adjusted for gender and APOE (SAS 
v9.1.3); controls were censored at the age individuals 
entered the study. Additional analyses were conducted 
stratified by gender and by APOE e4 carriage (APOE 
e4 positive or APOE e4 negative). 

The study had 80% power to identify an OR of 0.8 1 
per additional V279F allele (additive model) assuming 
a minor allele frequency of 0.16 and sample size of 
1,952 AD subjects and 2,079 controls. 



RESULTS 

Demographic information for study subjects are pre- 
sented in Table 1. Mean (SD) age at onset of the AD 
subjects was 74.1 years (5.0), and 71% were female. 
Mean age of the control subjects was 75.3 (6.1), and 
58% were female. Mean MMSE, CDR, and FAS scores 
were consistent with mild-moderate dementia in AD 
subjects, and with absence of dementia in control sub- 
jects. As expected, APOE e4 was over-represented in 
AD subjects: 53% of AD subjects carried the APOE e4 
allele, compared to 1 7% of controls. 

The genotype frequencies for each of the PLA2G7 
polymorphisms are presented for AD cases and con- 
trols in Table I . The number of subjects with missing 
genotypes was small: 26, 31, 38, and 43 for V279F, 
R92H, I198T, and A3 79V, respectively. All of the vari- 
ants were in Hardy -Weinberg equilibrium in both cases 
and controls. HWE p-values for V279F, R92H, I198T, 
and A379V in controls were 0.42, 0.65, 0.73, and 0.72 
and in cases were 0.61, 0.95, 0.42, and 0.90, respec- 



B. Koshy et al. I Lp-PLA 2 Null Polymorphism and Risk of AD 



777 



Table 1 

Demographics of the stud) sample including APOE n '4 and PLA2G7 
genotype frequencies 



m±SD) 74.1 ±5.0 



Male 

MMSE (mean ± SD) 
CDR (mean ± SD) 
FAS (mean ± SD) 
APOEeA copies (N, %) 



similar in the age of onset analysis. 297F was not sig- 
nificantly associated with AD risk or age of onset in 
alternative dominant, co-dominant, and recessive pa- 
rameterizations of the polymorphism. 

The other PLA2G7 missense polymorphisms (92H, 
198T, 379V) had no significant effect on either AD 
risk or age of onset, with mean OR of 0.94-0.97 per 
additional allele. 



DISCUSSION 



1356(70.2",,) 
550(27.4",,) 
47 (2.4%) 



144K ((,<;.<;"„) 

575 (27.8%) 
49 (2.4%) 

1263 (61.0%) 
705 (34.0%) 
104(5.0",,) 



AV 
VV 



1560 (80.9%) 
348 (18.1%) 
20 (1.0" d) 



1665 ISO."",,) 
378(18.4%) 
lv iQ/r 1 ,,) 



AD, Alzheimer's disease. AAO, age at onset. AAE, age at examina- 
tion. MMSH, Mini-Menial Stale Inanimation (The MMSH is scored 
Iron] 0 to 30, with higher scores indicating heller cognilne func- 
tion [17]). CDR, Clinical Dementia Rating (The CDR is scored on an 
ordinal scale, with 0=no impairment. 0.5 questionable impairment, 
1 = mild impairment, 2 = moderate impairment, 3 = severe impair- 
ment [18]). FAST, Functional Assessment Staging (FAST is scored 
on an ordinal scale from 1 = no objective or subjective functional 
decrement, to 7 corresponding to severe AD [19]). SE, Standard 
deviation. 

tively. Genotype and allele frequencies did not differ 
between AD cases and controls by Fisher Exact Test. 

The PLA2G7 279F null allele had no significant ef- 
fect on AD risk or age of onset, overall or within gender 
and APOE e4 sub-groups (Fig. 1). The odds ratio (OR) 
for the 279F null allele was 0.98 (95% CI 0.86, 1.12) 
per additional null allele, adjusted for age/age at onset, 
gender, and number of APOE e4 alleles. The OR was 
0.97 (95% CI 0.82, 1.15) in the female subset, and 1.01 
(95% CI 0.81, 1.26) in the male subset. Although the 
OR point estimates in the APOE e4-negative groups 
trended slightly less than 1, and those in the APOE 
e4-positive sub-groups trended slightly greater than 1 , 
all 95% CI intervals spanned 1 and nominal p-values 
were not significant. Hazard ratio (HR) estimates were 



Results from the Rotterdam cohort study suggested 
that plasma Lp-PLA 2 activity, implicated in cardiovas- 
cular disease and stroke, might also be a risk factor 
for dementia [6]. However, in this large genetic case- 
control study, inherited deficiency of Lp-PLA 2 activity 
in Japan did not influence AD susceptibility or age at 
onset. The . IPOE 4 allele is a risk factor for both car- 
diovascular disease and AD, but no PLA2G7V297F ef- 
fect was identified after adjusting for presence or num- 
ber of APOE e4 alleles, or within strata of APOE s4 
carriers and non-carriers. Our data is generated from an 
ethnically homogenous Japanese population w hich has 
the highest population allele frequency of the V279F 
variant. This variant corresponds to a lifelong 50% de- 
ficiency of plasma Lp-PLA activity in hcterozygotes, 
and a near absence of enzyme activity in homozygotes. 

Genomewide association studies (GWAS) have not 
implicated PLA2G7 as a risk factor for AD [21-25]; 
however, most published GWAS were performed in 
Caucasian populations where the V279F null mutation 
is not found, and the PLA2G7 SNP variants exam- 
ined have minor, if any, functional effects [26]. There 
was no association of five PLA2G7 SNPs (RS9472826, 
RS1421372, RS16874962, RS1421378, RS10948301) 
with AD diagnosis or age at onset in a GWAS of Canadi- 
an AD cases and controls [22]. The particular strength 
of the current JGSCAD study is the well-powered 
scientifically-targeted hypothesis, and the evaluation of 
a polymorphism (V279F) with a large effect on Lp- 
PLA 2 activity, within the population with the highest 
frequency for that SNP. 

Our results complement epidemiological studies of 
Lp-PLA 2 and dementia or stroke. The absence of an 
effect of genetically-mediated deficiency of Lp-PLA 2 
activity on AD risk in JGSCAD is generally consis- 
tent with the absence of a significant effect of plasma 
Lp-PLA 2 activity on AD-specific risk in the Rotterdam 
study [6]. In conjunction with epidemiological studies 
suggesting that elevated Lp-PLA 2 is a risk factor for is- 
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Impact of PLA2G7 279 F Noll Allele on AD Risk 
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Fig. 1. Odds ratios (95% CI) for association of PLA2G7 V279F polymorphism with AD status (Fig la) and hazard ratios for age at onset (Fig. lb) 
overall and within gender and WOE 4 sub-groups. OR = odds ratio; FIR = hazard ratio, AD = number of AD cases, Cntl = number of controls. 
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chemic stroke [5], the genetic and epidemiology results 
suggest that putative Lp-PLA 2 effects on dementia or 
AD may be mediated by vascular etiologies. 

The results of this study should be interpreted in 
the context of some potential limitations. Firstly, sub- 
group analyses were based on smaller sample num- 
bers, so power to detect associations in these subsidiary 
analyses was low. Secondly, the NINCDS-ADRDA 
criterion for diagnosis of probable AD excludes sub- 
jects with clinically significant cerebrovascular disease; 
therefore, no study conclusions can be made regarding 
the effect of the PLA2G7 null polymorphism on vas- 
cular dementia. Thirdly, data was not available on co- 
variates of interest such as cardiovascular disease, hy- 
pertension, diabetes, or subcortical ischemic changes 
on imaging that may be associated with PLA2G7 geno- 
type, limiting evaluation of causal intermediates or ef- 
fect modification by these co-morbidities. Finally, ge- 
netic deficiency of Lp-PLA2 activity could theoreti- 
cally initiate compensatory mechanisms that alter the 
risk profile observed in epidemiological studies of Lp- 
PLA2 activity, and the relationship between Lp-PLA2 
activity and AD pathogenesis. 

In conclusion, genetic deficiency of Lp-PLA 2 ac- 
tivity due to carriage of the V279F null allele is not 
associated with a reduced risk of AD in Japan. 



ACKNOWLEDGMENTS 

The authors would like to thank Drs. Wayne An- 
derson, John Whittaker, Ying Liu, and Guojun Cai for 
their input into this study. JGSCAD was funded by 
KAKENHI (Grant-in-Aid for Scientific Research) on 
Priority Areas. The PLA2G7 study was funded by 
GlaxoSmithKline (GSK). 

Authors' disclosures available online (http://www.j- 
alz.com/disclosures/ view.php?id=450). 



REFERENCES 

[1] Purnell C, Gao S, Callahan CM, Hendrie HC (2009) Cardio- 
vascular risk factors and incident Alzheimer disease: a sys- 
tematic review of the literature. Aklieimer !)is tssot Disord 
23, 1-10. 

[2] Zalewski A, Macphee C (2005) Role of lipoprotein-associated 
phospholipase A2 in atherosclerosis: biology, epidemiology, 
and possible therapeutic target. Arterioscler Thromb Vase Biol 
25,923-931. 



[3] Lp-PLA2 Studies Collaboration, Ballantyne C, Cushman M, 
Psaty B, Furberg C, Khaw KT, Sandhu M, Oldgren J, Rossi 
GP, Maiolino G, Cesari M, Lenzini L, James SK, Rimm E, 
Collins R, Anderson J, Koenig W, Brenner H, Rothenbacher 
D, Berglund G, Persson M, Berger P, Brilakis E, McConnell 
JP, Koenig W, Sacco R, Elkind M, Talmud P, Rimm E, Can- 
non CP, Packard C, Barrett-Connor E, Hofman A, Kardys I, 
Witteman JC, Cnqm M, Corsetti JP, Rainwater DL, Moss AJ, 
Robins S, Bloomfield H, Collins D, Packard C, Wassertheil- 
Smoller S, Ridker P. Balla.mne C. (allium CP. Cushman M. 
Danesh J, GuD, Hofman A, Nelson JJ, Thompson s. Zalewski 
A, Zanffa N, Di Angelantomo E, Kaptoge S, Thompson A, 
Thompson S, Walker M, Watson S, Wood A (2007) Collabo- 
rali\e mcta-anah sis of mdi\ idual participant data from obscr- 
\ational studies of l.p-PI.Ao and cardiovascular diseases. Eur 
J Cardiovasc Prev Rehabil 14, 3- 1 1 . 

[4] Garza CA, Montori VM, McConnell JP, Somers VK, Kullo 
II 1 op. limuK I (2nu"i \ssociation beluecu lipopiotuu 

systematic review. Muvo Clin Prut 82. 159-165. 

[5] The LP-PLA2 Studies Collaboration (2010) Lipoprotein- 
associated phospholipase A2 and risk of coronary disease, 
stroke, and morlalit) : collaborative auabsis ol"32 prospective 
studies. The Eaneel 375, 1536-1544. 

[6] van Oijen M, van der Meer IM,Hofman A, Witteman JC, Koud- 
staal PJ, Breteler MM (2006) Lipoprotein-associated phos- 
pholipase \2 is associated with risk ofdemcutia. Ann Neurol 
59, 139-144. 

[7] Hiramoto M, Yoshida H, Imaizumi T, Yoshimizu N, Satoh K 
I I w"| \ mutation in plasma plalclcl-acmaling factor acel> I- 
hydrolase (Val279->Phe) is a genetic risk factor for stroke. 
Stroke 28, 2417-2420. 

[8] Satoh N, Asano K, Naoki K, Fukunaga K, Iwata M, Kanaza- 
\\a M. Van i n ill in i | I i I ii ii 
acetythydrolase deficiency in Japanese patients with asthma. 
AmJRespir Crit Care Med 159, 974-979. 

[9] Yamada Y Ichihara S, Fujimura T, Yokota M (1998) Identi- 
fication of the 994C> T missense in exon 9 of the plasma 
plalelel-acli\aling factor acetyllrydrolase gene as an indepen- 
dent risk factor lor coronarv anon disease in Japanese men. 
Metabolism 47, 177-181. 
[10] Zhang SY, Shibata H, Karino K (2007) Comprehensive eval- 
uation of genetic and environmental factors influencing the 
plasma lipoprotein-associated phospholipase \2 activity in a 
Japanese population, //r/v/7,™ R<:s 30.4(13-409. 
[11] Karasawa K (2006) Clinical aspects of plasma platelet- 
tcti\ tun I cl n II ' 1761. 

1359-1372. 

[ 1 2] Kuwano R, Miyashita A, Arai H Asada T, Imagawa M, Shoji 
M, Higuchi S. I rakanii K. Kakita A, Takahashi H, Tsukie T, 
Toyabe S, Akazawa K, Kanazawa I, Ihara Y (2006) Dynamin- 
binding protein gene on chromosome 10q is associated with 
late-onset Alzheimer's disease. Hum Mol Genet 15, 2170- 
2182. 

1 13] Miyashita \. \raill. \sadaT. Imagawa M. Matsubara 1'. Shoji 
M, Higuchi S, Urakami K, Kakita A, Takahashi H, Toyabe S, 
Akazawa K Kanazawa I, Ihara Y, Kuwano R (2007) Genetic 
association nl'CTXWi with late-onset \l/heimer's disease 
in females. Hum Mol Genet 16, 2854-2869. 

[14] Miyashita A, Arai H, Asada T, Imagawa M, Shoji M, Higuchi 
S, Urakami K. Toyabe S. Vkazawa K, Kanazawa I. Ihara V. 
Kuwano R (2009) G \B2 is not associated with late-onset 
Alzheimer's disease in Japanese. Eur J Hum Genet 17. 6X2- 
686. 



780 



B. Koshy et al. I Lp-PLA 2 Null Polymorphism and Risk of AD 



[15] Takei N, Miyashita A, Tsukie T, Arai H, Asada T, Imagawa 
M, Shoji M, Higuchi S, Urakami K, Kimura H, Kakita A, 
Takahadii II, Tsuji S, Kana/awa I, lhara Y, (Muni S, Kuwano 
R (2(1(19) Genetic association stud) on in and around die APOh: 
in late-onset Alzheimer disease in Japanese. Genumiis 93. 
441-448. 

] 16 1 McKhann G, Draclnnan D, Folstein M, Kat/man R, Price D, 
Stadlan EM (1984) Clinical diagnosis of Alzheimer's disease: 
report of the NINCDS-ADRDA Work Group under the aus- 
pices of Department old lealdi and Human Sen ices Task force 
on Alzheimer's Disease. Neurology 34, 939-944. 

[17] Folstein MF, Folstein SE, McHugh PR (1975) "Mini-mental 
stale". A practical method lor grading the cogniti\e state of 
patients for the clinician. J Psychiatr Res 12, 189-198. 

[18] Morris JC (1993) The Clinical Dementia Rating (CDR): cur- 
rent version and scoring rules. A eumh , :< v 43. 2412-2414. 

[19] Reisberg B (1988) Functional assessment staging (FAST). 
Psychopharmacol Bull 24, 653-659. 

[20] Stafforini DM (2009) Functional consequences of mutations 
and polymorphisms in the coding region of the PAF acetylhy- 
drolase (PAF-AH) gene. Pharmaceuticals 2, 94-1 17. 

[21] Reiman EM, Webster JA, Myers AJ, Hardy J, Dunckley T, Zis- 
mann VI., Joshipura KD, Pearson JY, llu-l.mce 1). Iluenlcl- 
man MJ (2007) GAB2 alleles modify Alzheimer's risk in 
APOE epsilon4 carriers. Neuron 54, 713-720. 

[22] Bertram L, Lange C, Mullin K, Parkinson M, Hsiao M, Hogan 
MF, Schjeide BM, Hooli B, Divito J, Ionita I, Jiang H, Laird 
N, Moscarillo T, Ohlsen KL, Elliott K, Wang X, Hu-Lince 
D, Ryder M, Murphy A, Wagner SL, Blacker D, Becker KD, 
Tan/i RF (2IKIN) Genome-wide association unalxsis ro\cals 
putative Alzheimer's disease susceptibility loci in addition to 
APOE. Am J Hum Genet 83, 623-632. 

[23] Li H, Wetten S, Li L, St Jean PL, Upmanyu R, Surh L, Hos- 
ford D, Barnes MR, Briley JD, Borrie M, Coletta N, Delisle 
R, Dhalla D, Ehm MG, Feldman HH, Fornazzari L, Gauthier 
S, Goodgame N, Guzman D, Hammond S, Ilollingwoiih P. 
Hsiung GY, Johnson J, Kelly DD, Keren R, Kertesz A, King 
KS, Lovestone S, Loy-English I, Matthews PM, Owen MJ, 
Plumpton M, Pryse-Phillips W, Prinjha RK, Richardson JC. 
Saunders A, Slater AJ, St George-Hyslop PH, Stinnett SW, 



Swart/ .If, Ta>lor RL, Wherrett J. Williams J. Yarnall DP. Gib- 
son RA, rrizarry MC, Middleton LT, Roses AD (2008) Can- 

I i I i i 

association stud\ of Alzheimer disease. . In h ,\,v//-o/65. 45-53. 

[24] Beecham GW, Martin ER, Li YJ, Slifer MA, Gilbert JR, 
Haines JL, Pericak-Vance MA (2009) Genome-wide associa- 
tion study implicates a chromosome 12 risklocus for late-onset 
Alzheimer disease. ImJ limn ( renet 84, 35-43. 

[25] Carrasquillo MM, Zou F, Pankratz VS, Wilcox SL, Ma L, 
Walker LP, Younkin SG, Younkin CS, Younkin LH, Bis- 
ceglio GD, Ertekin-Taner N, Crook JE, Dickson DW, Petersen 
RC, Graff-Radford NR. Younkin SG (2009) Genetic variation 
in PC IJi 1 1 IX is associated with susceptibilit) to late-onset 
Alzheimer's disease. Nat Genet 41, 192-198. 

|26| Harold D, Abraham R. Ilolliimworlh P. Suns R. Gernsh A. 
llamshere Ml., Pahwa .IS. Moskvina V. Dow/ell K. Williams 
\. Jones N. Thomas C. Miction \. Morgan AR. l.ovcstouc S. 
Powell .1, Proitsi P. I.upton MK. Bravnc G. Rubinsztein DC, 
Gill M. l.awlor B, Lynch A. Morgan K, Brown KS, Pass- 
more PA, Craig D, McGuinness B, Todd S, Holmes C, Mann 
D, Smith AD, Love S, Kehoe PG, Hardy J, Mead S, Fox 
N, Rossor M, Collinge J, Maier W, Jessen F, Schurmann B, 
Mill den Bussche II. Ileuser I. Kornhubcr .1. Wiltl'ang .1. Dich- 
gans M, Frohch L, Hampel H, Hull M, Rujescu D, Goate 
AM. Kauwc .IS. Grucliaga G. Nowotuv P. Morns JG. Mayo 
K, Sleegers K, Bettens K, Engelborghs S, De Deyn PP, Van 
Broeckhoven C, Livingston G, Bass NJ, Curling 1 1, McQuillin 
A, Gwilliam R, Deloukas P, Al-Chalabi A, Shaw CE, Tsolaki 
M, Singleton AB, Guerreiro R, Muhleisen TW, Nothen MM, 
Moebus S, Jockel KH, Klopp N, Wichmann HE, Carrasquil- 
lo MM, Pankratz VS, Younkin SG, Holmans PA, O'Donovan 
M, Owen MJ, Williams J (2009) Genome-wide association 
study identifies variants at CLU and PICALM associated with 
Alzheimer's disease. Nat Genet 41, 1088-1093. 

[27] Schnabel R, Dupuis J, Larson MG, Lunetta KL, Robins SJ, 
Zhu Y, Rong J, Yin X, Stimadel HA, Nelson JJ, Wilson PW, 
Keaney JF, Vasan RS, Benjamin EJ (2009) Clinical and genetic 
factors associated with lipoprotcin-associatcd phosphol ipasc 
\2 in the Pramingham Heart Stud}', illh-rusrlrrnsis 204. 601- 
607. 



Lipoprotein-Associated Phospliolipa.se A2 Is 
Associated with Risk of Dementia 
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O i s : i niatory marker lipoprofeitv^socnsred phospbolipase V2 (Lp-PLA2) have been pro- 

posed to be a predictor of coronary heart disease and stroke. Because both inflammation and vascular disease are 
is ociated with dementia, the objective of the present study was to examine the association between Lp-P1.A2 and the 
risk of dementia. Method!: Within the Rotterdam Study, a population-based prospective cohort study, we performed a 
case -cohort study. Of the 6,713 participants at risk for dementia, a random sample of 1,742 individuals was drawn. 
During follow-up (mean, 5.7 years), 302 incident dementia cases were identified, Cox proportional hazard models were 
used to estimate the association of Lp-PLA2 and dementia. Results: We found that subjects with higher levels of Lp-PLA2 
had an increased risk of dementia. Compared with the first quartilc of Lp-PLA2, age- and sex-adjusted hazard ratios 
(HRs; 95% confidence interval [CI]) for dementia for the second, third, and fourth quartlles were 1.19 (0.78-1.81), 1.15 
(0.74-1,79), and 1.56 (1.03-2.37), respectively (p value for trend 0.04). Additional adjustment for cardiovascular and 
inflammatory factors did not change the estimates. Interpretation: This is the first study to our knowledge that shows 
that Lp-PLA2 is associated with the risk of dementia independent of cardiovascular and inflammatory factors and pro- 
vides evidence for a potential role of Lp-PLA2 in identifying subjects at risk for dementia. 



Lipoprotein-associated phospholipase A2 (Lp-PLA2, also 

independent of traditional cardiovascular risk factors. 1- 
Lp-PLA2 circulates in the blood, associated with low- 

idized phospholipids to generate Jysophosphandyicholine 
and oxidized fatty acids, which' are believed 'to have 
proinflammatory properties. 0, Lp-PLA2 may be an in- 
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levels of Lp-PLA2 not only with coronary heart disease 

but also v , 1, stroke. 8 Because inflammation markers,"- 1 " 
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and risk of dementia in the Rotterdam Study among 
people aged so years and older. 

Subjects and Methods 

Study Population 

The Rotterdam Stud) is a population-baicd prospective co- 
hort study that investipato the incidence and risk factors of 



From the Dep 
'"Neurology, Era 

Received May ' 
Accepted For pi 

Published on! 



r 16 and Sep 14. 
ley InterScience 



mological diseases in the elderly/' Horn 1990 to 1993, all 
10,275 residents aged 55 years or older of Ommoord, a dis- 
trict of the city of Rotterdam, were invited to participate in 
at; extensive home interview ami two visits to the research 
center, and 7,983 (JH%) of them agreed. The medical, ethics 
committee of the Rrasmus Medical Center approved the 
study, and women informed consent eras obtained from all 
participants. 

Ac the baseline clinical examination, blood samples were 



practitioners, the total cohort was continuously monitored 
for major disease outcome. This resulted in a virtually com- 
plete follow-up until January 1 , 200!). 

Study Design 

For reasons of efficiency, a case-cohort design ,( ' : was used. 
In this design, a random sample, or "subcohort," is drawn 
'I ' "" i i i r i •• i i tl tu, pu 

larion who arc not included in the suhcohotc yet develop the 
t s it I 1 j o tie ral 
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included in the subcohort and in the additional cases. In the 
sis -.burrs from the random cohort 

contribute ro foliow-up rime. A random .subcohort of 1,742 
subjects was draw n from our cohort ar risk, of whom 77 
developed dementia .Juris)!.; follow-up (big). We added 225 
dtilltiir i .5 tii who d dementia j sid rhe 

.< i i is ^i-v^i:.^,,; !|; — s includ- 

ing 22 patients with AD accompanied by cerebrovascular 
disease, 44 with sit dementia. 1 park tits it demen- 
tia in Parkinson s hs, . c , md 2 par.- i u , uh dcuKuti.i dtK 

<dit s i i i 1 it e, , t i 

dementia, and Lcwy bobs dementia 

Measurement of Lp-PLA2 Activity 

PI ism i i i i s I i s i 

collected at baseline and stored at -80°C, and Lp-PLA2 ac- 

! ' s 1 1 1 tl ! II K 

riviry assay as described. In brief, plasma samples were di- 
tch 1 m lis ti....i i.i m , . i| loot pi in s. and 
mixed with a substrate solution consisting of U.4iimoi/[ 



' ^ b i i i I \ i I s r ^ s ^ n l^r 

reactions were allowed to proceed at room temperature for 5 

11 ( . lb , S r r 1 ( 1 v I ■. ]1 ltd 

by an ice-cold fatrv acid-free hosinc serum albumin solution 
at a final concentration of 16.1 rng/rai. The bovine serum 
albumin -lipid complexes then were precipitated with ice- 
d 1 d i ii uratif.n of 7 8% and 

a pellet was created h ecu tti I ug.ttr m .it approximately 
6,0(% for 15 minutes at 4°C. Aliquots of the supernatant 
containing the icaction products were transferred to another 
micropiate ( Perkm-binu r) and the radioactivity counted in a 
'I opcount liquid scintillation counter ( I'crkia- hi met I ife Sci- 
ences, Oak lirook, lb! upon addition ol M icioscmt-20 scin- 
tillation cocktail (Peikin-blniei Life Sciences). Lp-PLA2 ac- 
tivitv was expK-ssed as naiiomoios of PA b hvdroly/cd per 

from the subcohort. 
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nidy p'ftf/atwi. In ihr ahe cohort, unaiy- 
rde, incident cases arising from the ran- 
iittona'i incident ca<e< are included 



home and collected information using a computerized ques- 
tionnaire. The interview included current health status, med- 
ical history drug use, and smoking behavior. Additionally, 
during two visits to the research center, clinical measures 
were obtained. Height and weight were measured and die 
body mass ii I M I) i Iculat ! r i h 

lm'|}. blond pressor., was measured at the right brachial ar- 
tery using a random-veto sphygmomanometer with the par- 
ticipant in sitting position. Nonfasting blood samples were 
drawn and immediately frozen. Total cholesterol, high- 
density lipid (HDL) cholesterol and glucose were measured 
within 2 weeks, as described previously. 18 Immediately after 
blood sampling, white cell count was assessed in citrate 

Luton, England), which ha' 



leiton, CA). high sensitivity C-reacuve protein v, 
in blood samples that were kept frozen at -20°< 
ing for apoiipoprotein £ (APOE) was performt 
" \ J i i tilth f s 

ate chain reaction was performed. 1 '' 1 wo < 
fe.rmed on the basis of presence ot absence of a 
allele, S 1 i n ^ i 's g i, i or both car 
was performed. We used presence of carotid pi 



nd right side. 20 We defined 
r postioad glucose level grea 
!L or the use of blood glue. 
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Dlavnoiis of Dementia 

During baseline and follow-up examinations the diagnosis of 
uee-step protocol I wo brief 
tests of cognition (Mini-Mental State Examination 
[MMSEp and Geriatric Mental Scare schedule [GMS]) or- 
ganic level 1 were used to screen ill libf ts Screen-positives 
(MMSE score <26 or GMS organic level >0) underwent 
further cognitive testing wang the Cambridge Examination 
for Menn Di , f , " k > C \ * ' N , > - m 

who 1 [ 1 O 1 ^ si 1 1 

examined bv a natnoDgisr and i n- u,<m • iwiogisr and, if 

tioio the total cohort w.v. continuously monitored tor snci- 
dm i 1 1 1 i ipi i i t 1 the 

t , 1 1 i i i i t 1 i I .(.v«"d ii t 

piactitloiicis and the Regional Institute tot Outpatient Men- 
tal Health Care. 21 The diagnoses of dementia and Alzhei- 
mer's disease were made In accordance with in vol nationally 
accepted critei i foi d mc iti I) i s c nj Statistical 
Manual of Mental Disorders iii-R)/"' Alzheimer's disease 
(National Institute or Ncurelogica! and Communication 
Disorders Alzheimer's Disease and Related Disorders Associ- 
ation [ N IN C D S - A D R D A i ) , 2u and vascular dementia (Na- 
tional Institute of Neurolog 
ININDS-Association Internatic 



Disorders and Stroke 

JREN)]) 27 by a panel in- 
ogisc, and research physi- 



association of Lp-PLA2 activity with dementia and sub- 
s of dementia was evaluated in a case-cohort design 
ugh Cox' proportional hazard models with modification 
le standard errors bawd en robust variance estimates. We 



ordin 



and the ri 



adjusted for age and s> 



Bariow in which the random 
erse of the sampling fraction 
' hp-PLA2 was normally dis- 
.t the association of Lp-PLA2 
lubtvpt s of dementia entering 

i.p-I'LAz were made and the 
r reference category. Analyses 
and additionally for the fa! - 



lowing confounders; BMI, total cholesterol, HDL choles- 
terol, systolic blood pressure, carotid plaques, current smok- 
ing, diabetes mellitus, white cell count, and C-reactive 
protein. Adjustment was made for presence of the APOE 84 
allele. In the test ha ticrid nnh.sis we replaced in.utrks of 



Lp-PLA2 activity by 
To investigate whether the 



1 evels, ws eed at interact 

sex, and Lp-PLA2 and cholesterol. In 
sex:, we used sex-:.pectfic ouartiies. To a 
sociation between Lp-PLA2 and demer 
stroke, we I [ t the airalw.es exciudir 



•alues of Lp-PLA2 activity, 
between Lp-PLA2 and 
ied with 
LA?, and 



and v 



«s of I. 
nalyses stratified by 
sow v. In the r the as- 

ibjects with prev- 



alent trokc I si those v bidder, trok o 
se s vheth the associat i is influei lw ipid-lowermg 
medication, in an additional analysis vvc excluded subjects 
who used liptu-lowering medication (statins or fihtatxs) at 
baseline. We had missing values for covaiiates in less than 
5% (7.5% in C-reactive protein). We imputed the median 
value for missing >. alues. Data analyses were pcrroimcd using 
SAS 8.2 and SPSS i 1.0 statistical software (SAS, Gary, NC). 

Results 

Characteristics of the random cohort are shown in Ta- 
ble I. increasing levels of Lp-PLA2 were associated 
with an increased risk of dementia (Table 2). People in 
the upper quartiie had a 56% higher risk, compared 

merits for BMI, total cholesterol, HDL, cholesterol,' sys- 
tolic blood pressure, carotid plaques, current smoking, 
diabetes mellitus, white ceil count, and C-reactive pro- 
tein did not markedly affect the estimates, nor did ad- 
ditional adjustment for presence of APOE e4 allele. 
We looked at the associations in men and women sep- 
arately (Table 3). The relation between Lp-PLA2 and 
risk of dementia seemed more pronounced in men. 



Ho. 



the j 



oft 



sex and Lp-PLA2 activity was 0,07. 

We found no indication that the relation between 
I p-Pl.A2 and dementia wined with cholesterol levels, 
(p value interaction term between total cholesterol 



Table i. Gmn/eii'rhti.'-: of 'the Random Cohort (a 


= 1J42) and the Total Cohort at Risk (n = 6,713) 






Total Cohort at Risk 


Random ( lohort 


Age (yr) (SD) 


69.5 (9.1) 


68.5 (8.6) 


Women (%) 


59.9 


61.0 


Body mass index (kg/m 2 ) (SD) 


26.3 14.0) 


26.2 (3.6) 


Svstolic blood pressure (mm fig! (SD) 


139.3 (22.3) 


138.1 (22.2) 


Diastolic Wood prcsstue (mm Hep (SD) 


73.6(11.5) 


73.4(11.1) 


ot 1 choleste mm SD) 


6.6(1.2) 


6.7 0.2) 


High-density lipid ohoicsurol (mrnol/L) (SD) 


1.3 (0.4) 


3.3 (0.4) 


Diabetes (%) 


10.0 




Smokers (%) 








22,8 


23,1 




41.6 


41.0 


1 f i ii i mm it (SD) 




44.5 (11.5) 
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Model T Mode! 2 b 


Lp-PIA2 per SD 


1.12 (0.97-1.28) 


1.16 (0.97- 


-1.37) 


First^uartiie 


1.00 (reference) 


1.00 (refere 


nee) 


Second quartile 


1.19 (0.78-1.81) 


1.24 (0.80- 


-1.92) 




1.15 (0.74-1.79) 


1.23 (0.76- 


-1.98) 


Fourth quartile 


1.56 (1.03-2.37) 


1.74(1.07- 


■2.83) 


P ™nd 


0.04 


0.03 





III mo ( > ><■ . umu.u h adunk-d i i .u-x. 

'He! i. i CM', o. k c i i s , c lor dTy i i 

d ■<>. ! ,i) SU I ill lipid v hoieniToi. v i I 

nivssinac i phones, i-ii!r-!i: ■-.! j i < skii i j> . ili.ilji'io.-. liiciiuns, -a h: it- 

cell comic, and C-reactive protein. 
SD = standard deviation. 



and Lp-PLA2 activity 0.14). The p value of the in- 
teraction term between HDL cholesterol and Lp- 
PLA2 was 0.77. No differences between men and 

When vi in-, ^ \t:e,.o '1 suntsp: ,>i denvnna, du as- 
sociation of Lp-PLA2 appeared stronger with vascular 
dementia than with AD (Table 4). No clear sex effect 
was found for these subtypes of dementia. 

Because an association of Lp-PLA2 with stroke has 
been reported, and stroke is associated, with an in- 
creased risk of dementia, we subsequently excluded all 
people who had experienced a stroke before entering 
our study (n 53) and the people with missing infor- 
mation regarding previous stroke (n = 35) and cen- 
sored the Incident stroke cases (n = 103). This only 



ed 



the effec 



ed ' 



age- 



.cmd. 



third, and fourth quartile were 1.16 (95% CI, 0.74- 
1.82), 1.15 (95% CI, 0.71-1.87), and 1.64 (95% CI, 
1.06-2,54),/ value for trend 0.03. After additional ad- 
justment these estimates were 1.20 (95% CI, 
0.75-1.91), 1.23 (95% CI, 0.74-2.05), and 1.80 



(95% CI, 1.08-2.99), p value tor trend 0.03. Exclud- 
ing subjects who used lipid-iowering medication at 
baseline (n ::: 40) did not change the estimates. 

Discussion 

We found that higher oksma levels of Lp-PLA2 activ- 



nd the population-base 

le diagnosis c>f dement 
s is unlike] 
trial confot 



selec 



Alth< 



.mplete and 
:on founding 



could have occurred. Lp-PLA2 w; 
fasting blood, which may have increased variability in 

available on LDL cholesterol, we could only adjust: for 
total cholesterol and HDL cholesterol in our analyses. 
Lp-PLA2 is a marker of systemic inflammation. Lev- 

tu k v ^ t ■■ i v 1 < till" 

of inflammatory 1 conditions. 5,28 Furthermore, Lp-PLA2 
is produced mainly by macrophages and expression is 
rcguiated b\ inflammatory cytokines." 

To investigate whether the association between Lp- 
PLA2 and the risk of dementia could be explained 
through an inflammatory pathway, we adjusted for 
("-reactive protein and white cell count in our multi- 
variate analyses. However, this did. not change the es- 
timate. This is in line with observations on cardiovas- 
cular disease and stroke, where Lp-PI.A2 was found to 
be a risk factor independent of C-reactive protein and 
white eel! count. 2 ' 8 Moreover, we found no correlation 
between levels of C-reactive protein and levels of Lp- 



I >l I, 1 I I < ' I ' , < II , I ' S , 



Women Men 





Model V 




Model t 


Model l a 


Model 2 b 


Lp-PLA2 per SD increase 


1.01 (0.85-1 


.21) 


1.06 (0.84-1.33) 


1.29 (1.03-1.63) 


1.22 (0.93-1.60) 


First quartile 


1.00 (referen, 




1.00 (reference) 


1.00 (reference) 


1.00 (reference) 


Second quarale 


1.17 (0.69-1 


.99) 


1.28 (0.74-2.24) 


0.90(0.43-1.88) 


0.90 (0.39-2.06) 


Third quartile 


1.20 (0.70-2 


.07) 


1.42 (0.77-2.61) 


1.55 (0.77-3.13) 


1.35 (0.64-2.83) 


Fourth auartile 


1.21 (0.71-2 


.06) 


1.50 (0.80-2.82) 


1.77 (0.92-3.14) 


1.51 (0.70-3.25) 


p trend 


0.53 




0.23 


0.04 


0.19 



1 I '-> l J ll Isl it 1 I 

:rd ratio (95% confidence in teii.fi> adjusted tor bodv mass index, too! cholesterol fiifind-o, m lipid cholesterol, systolic hiood nrosaore. 
d plaques, current smoking iiabete meilitus si t unt, and C reuse jrotein 
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Table 4. Hazard Rat 


'40 (95% CO 


,t V , r / I'll lr < // / 










Alzheimer's 


disease 


Vascular Dementia 






Model T 


Model 2 b 


Model L 


Model 2° 


Lp-PLA2 per SD in 
First quarti le 
Second quartiie 
Third quartiie 
Fourth quartiie 




1.06 (0.91-1.24) 
1.00 (reference) 
1.12 (0.71-1. 77) 
1.00 (0.61-1.62) 
1.30 (0.82-2.04) 
0.35 


1.09 (0.90-1.32.) 
1.00 (reference) 
1.16 (0.72-1.84) 
1.03 (0.61-1.74) 
1.38 (0.82-2.34) 
0.29 


1.20 (0.92-1.57) 
1.00 (reference) 
0.82 (0,24-2,84) 
1.48 (0.49-4.50) 
2.19 (0.80-6.03) 
0.06 


1.18 (0.88-1.82) 

0.78 (0.22-2.73) 
1.38 (0.38-5.01) 
2.02 (0.59-6.88) 
0.16 



'Ha-c-.rd ratio (95% confidence interval) a dju --i.ee; for age and se 
''I I rcl i no I i i | i b v s 

ctrolitl eiirrom vmokuig. tliniicics nicifi; i;.->, whire re!! conn 

SD — standard ficviaiion. 

PLA2, in accordance with results of previous studies. 2 
A possible explanation for this is chat C- reactive pro- 
tein and Lp-PLA2 are produced in different: tissues in 
response to different patterns or cytokines.' We found 
only a weak correlation between levels of Lp-PLA2 and 
white cell count. 

Note that: there was not a compelling gradient of 
risk of dementia for levels of Lp-PLA2. Although we 
found a significant trend over the quartiles, in partic- 
ular, subjects in the highest quartiie of Lp-PLA2 were 
at higher risk of dementia. Possibly, a threshold effect 
is present, although this has not been found in relation 
to stroke and coronary heart disease. Also, the associa- 
tion between Lp-PLA2 and risk of dementia (hazard 
ratio [HR] for the upper quartiie compared with the 
lower 1.56 [95% CI, 1.03-2.37]) was weaker than be- 
tween Lp-PLA2 and ischemic stroke and coronary 
heart disease (HR for the upper quartiie compared 
with the lower 1.97 [95% CI, 3-04-3-74] and' 2.36 
[95% CI, 1.58-3.52], respectively) 8 in the Rotterdam 
Study, it is important that our findings are replicated. 

There is strong evidence that inflammation is 
tant in dementia. Elevated levels of inflammatc 
teins such as tt-l-antichymotrypsin and IL- 
found it) plasma of patients with Alzheimer's 
years before the clinical dementia syndrome 



npo 



acci." furthermore. 



. kncfici 



devel- 
:crokki 



nflai 



s been suggested. ' 0 OD Hoi 



Alzheimer's disease. However, the hypoth 



adjusting for a 

clinical stroke, 
the relation is 



is not supported by the finding that 
erosclerosis measures did not change 

a use we could take into account only 
e cannot rule out the possibility that 
ediated by subclinical vascular events 
tin infarcts, which are important risk 



roi, systolic blood pressure, 



An alternative explanation would be that Lp-PLA2 
levels could directly affect the brain or key molecules 
that are implicated in Alzheimer's disease such as amy- 
loid and tau. However, we are not aware of such a 
relation. 

The role of cholesterol is not clear. In plasma, 80% of 
Lp-PLA2 circulates bound to LDL cholesterol and. HDL 
cholesterol contains 15 to 20% of the enzyme mass or 

found' an independent effect of Lp- PLA2 on cardiovas- 
cular disease in subjects with LDL cholesterol below the 
median only. 3 The same relation was found in the West 
of Scotland Coronary Prevention Study ( iroup, a study 
conducted among men with elevated cholesterol levels.' 2 
In the Rotterdam Study, in men and women, the asso- 

entire range of non-HDL cholesterol, booking at cle- 

PLA2 and total cholesterofor HDL cholesterol. Aft.tr 
adjustment for total cholesterol and HDL cholesterol, 
the association between Lp-PLA2 arid dementia in 
women became slightly stronger, whereas in men the as- 
sociation attenuated. We have no specific: explanation 
for these differences. Note that the role of cholesterol in 
dementia is far less clear than it is in cardiovascular dis- 
ease. Moreover, in our data cholesterol was not associ- 
ated with the risk of dementia. 
< >UI data SU;_;gest that the i 

and the risk of dementia maj 
women. It is not uncommon 
sex-specific effects. 34 In our study, the interaction term 
of sex and mean Lp-PLA2 activity was only borderline 
significant, although this might also be caused by a 
lack of power. Regarding cardiovascular disease, 'the 
Women's Health Study did not find an association 
with Lp-PLA2 in women after adjustment for cardio- 
vascular risk factors. 35 The importance of Lp-PLA2 is 

and me as ,n * } > tk chn c d 

setting to predict the risk of coronary he trt disc as-, to- 
gether with the more standard predictors such as cho- 



ion between Lp-PLA2 
different in men and 
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g considered. Our data suggest that 
e to further investigate Lp-PIA2 as 
^ factor for dementia. 



r the case-cohort de- 



This 



ed bv a 



Kline (A.H.) and by rise Netherlands Organization for Scientific Re* 
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Cancer Treatment: Lipoprotein-associated phospholipase A2 
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Cancer Treatment A ^ ^ \ ^A^h</ 

Lipoprotein-associated phospholipase Az 

Lipoprotein-associated phospholipase A2 (Lp-PLA2) is an enzyme that is produced by inflammatory cells, co-travels with 
circulating low-density lipoprotein (LDL), and hydrolyzes oxidized phospholipids in LDL. Its biological role has been controversial 
with initial reports purporting atheroprotective effects of Lp-PLA2 thought to be a consequence of degrading platelet-activating 
factor and removing polar phospholipids in modified LDL. Recent studies, however, focused on pro-inflammatory role of Lp-PLA2 
mediated by products of the Lp-PLA2 reaction (lysophosphatidylcholine and oxidized nonesterified fatty acids). These bioactive 
lipid mediators, which are generated in lesion-prone vasculature and to a lesser extent in the circulation (eg, in electronegative 
LDL), are known to elicit several inflammatory responses. The proinflammatory action of Lp-PLA2 is also supported by a number 
of epidemiology studies suggesting that the circulating level of the enzyme is an independent predictor of cardiovascular events, 
despite some attenuation of the effect by inclusion of LDL, the primary carrier of Lp-PLA2, in the analysis. 
Ascribing a role for Lp-PLA2, an enzyme that is produced by inflammatory cells, is transported on circulating LDL and hydrolyzes 
oxidized phospholipids in LDL, has been controversial. A growing number of epidemiological studies suggest that Lp-PLA2 is an 
independent predictor of cardiovascular events, despite some attenuation of this relationship by LDL, the primary carrier of Lp- 
PLA2. These observations strengthen the rationale to explore causal links between Lp-PLA2 and plaque vulnerability. The 
connection to cardiovascular diseae and Alzheimer's remain unproven: neith er are the effects of intenpintinnn to reduce the Wei 
o f this marker known. Empire considers this test to be be not medically necessary . 
A.-L. Levonen, E. Vahakangas, J. K. Koponen, and S. Yla-Herttuala 

Antioxidant Gene Therapy for Cardiovascular Disease: Current Status and Future Perspectives 
Circulation, April 22, 2008; 117(16): 2142 - 2150. 
W. Koenig 

Cardiovascular Biomarkers: Added Value With an Integrated Approach? 
Circulation, July 3, 2007; 116(1): 3-5. 

A. Oldgren, S. K. James, A. Siegbahn, and L. Wallentin 

Lipoprotein-associated phospholipase A2 does not predict mortality or new ischaemic events in acute coronary syndrome patients 
Eur. Heart J., March 2, 2007; 28(6): 699 - 704. 

Posted by M L on April 23, 2008 | Permalink 
TrackBack 

TrackBack URL for this entry: 

http://www.typepad.com/services/trackback/6aood8345258d569e200e5520be4fb8834 



http://cancertreatments.typepad.com/cancerjreatmen1/2008/04/lipoprotein-ass.htrnl 



2/5/2011 



